Field sampling of stream biofilms
Samples were taken on November 5 and 6, 2015 from six rivers in the Swiss Plateau upstream and downstream communal waste water treatment plants (sites 1-12, Supplementary Table 1, Supplementary Figure 1) . Three stones of similar size from similar microenvironments in the river bed were selected at each sampling site. Biofilms were brushed off the stones with tooth brushes into 15 mL of stream water, which was sampled at the site and filtered through two layers of paper towel. The stones were washed with another 15 mL of filtered stream water. Extraction of extracellular polymeric substances was performed on the same day (see below).
Water analytics
At each field sampling site, spot measures of physical parameters were taken roughly at the same distance above ground as the surfaces of the stones sampled. Water temperature was measured with a DIEHL frigoton thermometer, flow velocity with a Schiltknecht MiniAir2 Micro anemometer (flow accuracy 1.0 % fs, 3.0 % rdg). Water chemistry of grab samples (500 mL) taken from each sampling site and of the extracted EPS (see below) was determined as follows: Na + 
Extraction, characterization, and fractionation of extracellular polymeric substances (EPS) from periphyton
The extraction procedure was performed as described previously 4, 7, 13 . The biomass was resuspended by gentle pipetting and sonication in a water bath (45 kHz 60 W, VWR Ultrasonic Cleaner) for 30 s. Fine sediment and larger biomass was allowed to settle for ~1 min, the supernatant was removed and centrifuged at 1,880·g for 10 min. Biomass was resuspended a second time in 2 mL/slide fresh solution and treated as described above. All supernatants were sequentially filtered (1 µm glass fiber [VWR] , 0.45 µm polypropylene [PALL] , and 0.22 μm PES [Millipore] filters). Filters were washed with nanopure water (18.1 MΩ•cm, Milli-Q) prior to use. EPS extracts were stored in glass bottles at 4 °C (0.02 % (w/v) NaN 3 ). All extraction steps were performed on ice, the water bath for ultrasound treatment was at room temperature. Organic carbon and nitrogen size distribution was measured by size-exclusion chromatography -organic carbon detection -organic nitrogen detection (LC-OCD-OND) as described previously 4, 7, 13 . Samples were diluted with nanopure water (18.1 MΩ•cm, Milli-Q) right before they were measured. A size exclusion column (250×20 mm, Toyopearl TSK HW-50S) was used to separate EPS compounds. The mobile phase was phosphate buffer (24 mM, pH 6.6) and the acidification solution was phosphoric acid (60 mM, pH 1.2). The detection limit was 10 μg/L for both OC and ON. The software FIFFIKUS was used to quantify total organic carbon (TOC), dissolved (DOC), and chromatographable DOC compounds (cDOC). The chromatograms obtained from LC-OCD-OND were integrated to determine the amount of biopolymers (BP, high M r polysaccharides and proteins), building blocks of humic substances (BB), low M r acids (LMWA), and amphiphilic/neutral compounds (NA, alcohols, aldehydes, amino acids, and ketones). To separate the fractions BP, BB, LMWA, and NA, a Bio-Rad 2110 fractionator coupled to the LC-OCD-OND system was employed. Fractions were taken between retention times of 30-45 min (BP), 45-49 min (BB), 49-57 min (LMWA), and 57-80 min (NA).
Synthesis of EPS stabilised Ag nanoparticles
All silver nanoparticles were formed in situ in the UV-vis exposure system by EPS extracted from periphyton. The UV-vis exposure system was constructed with a thermostat (Lauda RC6 RC), control stirrer module (H & P Labortechnik Variomag Telemodul 40-S) and a set of lamps (Philips Master TL5 HO 54W/865 SLV/40). The conditions used for nanoparticle synthesis were as follows: Temperature: 20 °C, Stirring: 200 rpm, Light irradiation: matching sunlight spectrum.
Nanoparticle tracking analysis (NTA)
Nanoparticle tracking analysis (NTA, NanoSight LM10 equipped with a LM14 temperature controller (NanoSight Ltd.)) was used to determine a number based particle size distribution. Each sample was directly measured three times for 60 s. All NTA videos were analyzed with the same settings in batch processing mode. Analyses that resulted in less than 200 tracked particles were not used. Videos were analyzed using the NanoSight NTA 2.3 Analytical Software (NanoSight Ltd.). Settings were as follows: Background Extract: On; Brightness: 0; Gain: 1; Blur Size: 9x9; Detection Threshold Type: Single; Detection Threshold: 15; Min track length: 10; Min Expected Size: Auto; Temperature: 23 °C; Viscosity: 0.9326.
Dynamic light scattering (DLS) and zeta potential (ZP)
Dynamic light scattering (DLS) and zeta potential (ZP) were measured with Malvern Instruments Nano ZS in polystyrene quvettes. Each sample was measured at the temperature of 25 °C three times and the average results were taken.
UV-vis light absorption
UV−vIS light absorption (190-900 nm) was recorded with a CARY 100 UV-vis spectrophotometer (Agilent Technologies) in micro quartz cuvettes. Ag NP show size-and surface-specific SPR which results in a specific light absorption spectrum.
Surface enhanced Raman spectroscopy (SERS)
Raman spectra were recorded with a Bruker SENTERRA Raman microscope with 532 nm 20 mW laser and x10 objective lens. Each sample was measured on glass slides for 180 s.
Fourier transform infrared spectroscopy (FTIR)
Infrared spectra were measured with Cary 600 Series ATR-Spectrometer (Agilent Technologies). Average of 32 measurements was taken.
Transmission electron microscopy (TEM)
Transmission electron microscopy (TEM) samples were prepared by casting the solution directly onto copper grids with carbon lacey network covered with a ~3 nm thin carbon film. High-resolution TEM (HR-TEM) and selected area electron diffraction (SAED) was performed on a JEOL 2200FS microscope operated at 200 kV. Typically 0.5 s exposure time was used for recording HR-TEM images. No morphological change in particles caused by the electron beam was observed during imaging and diffraction. Analysis of the images and diffraction patterns was performed using DigitalMicrographTM.
X-ray photoelectron spectroscopy (XPS)
The samples were characterized by X-ray photoelectron spectroscopy (XPS) using a Quantum 2000 (Physical Electronics Inc.) instrument under ultrahigh vacuum (<5 x 10 −7 Pa). Monochromic aluminium Kα X-rays with a photon energy hν = 1486.7 eV were used and data were recorded at an analyzer pass energy of 23.50 eV and a step size of 0.1 eV (for the detailed spectra) and a pass energy of 58.70 eV and a step size of 0.5 eV for the survey. Argon ions and electron neutralizers were used to compensate for surface charging. Data were collected without sputter-cleaning and with (~2 nm removed) in order to eliminate contaminations.
Glucose assay
Glucose concentration of extracted EPS samples was determined with the High Sensitivity Glucose Assay Kit (Sigma Aldrich, MAK181) according to the procedure described by the manufacturer. In the presence of glucose, a fluorometric product is formed proportional to the glucose concentration. Of each sample, 1 and 10 μL were reacted in duplicate with the reaction mix in a final volume of 100 μL in 96 well plates. Fluorescence was measured with a Tecan plate reader (excitation: 535 nm, emission: 587 nm). Standard deviation of blanks was 0.0518 pmol/μL, detection limit was thus in the range of 0.156 pmol/μL. Spiking extracted EPS with Glucose showed no interference with the assay above detection limit. Figure S1 : LC-OCD-OND chromatograms of starch, glucose, glucuronic acid, N-acetyl glucosamine and each EPS sample from 12 sampling sites (A, B and C stand for three replicas). The differences in the hydrodynamic diameter values measured by NTA and DLS stem from the differences in the methods. Though both determine the nanoparticle size via analysis of diffusion constants derived from EinsteinStokes equation (Philippe, Gangloff, Rakcheev, & Schaumann, 2014) , NTA tracks the motion of individual particles (Filipe, Hawe, & Jiskoot, 2010) , while DLS is based on overall time-dependent scattering intensity fluctuations of the sample (James & Driskell, 2013) . Thus, DLS results are strongly influenced by the size dependence of the light scattering, especially prominent for particles smaller than 100 nm (James & Driskell, 2013) . To minimize the NTAbased errors caused by the polydispersity of the sample, 3 different areas of each sample were measured for 60 s and the average values were taken. 
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